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Our purpose was to evaluate the safety and efficacy of 68Ga-DOTATATE

PET/CT compared with 111In-pentetreotide imaging for diagnosis,
staging, and restaging of pulmonary and gastroenteropancreatic

neuroendocrine tumors. Methods: 68Ga-DOTATATE PET/CT and
111In-pentetreotide scans were obtained for 78 of 97 consecu-
tively enrolled patients with known or suspected pulmonary or gas-

troenteropancreatic neuroendocrine tumors. Safety and toxicity

were measured by comparing vital signs, serum chemistry values,

or acquisition-related medical complications before and after 68Ga-
DOTATATE injection. Added value was determined by changes in

treatment plan when 68Ga-DOTATATE PET/CT results were added

to all prior imaging, including 111In-pentetreotide. Interobserver re-

producibility of 68Ga-DOTATATE PET/CT scan interpretation was
measured between blinded and nonblinded interpreters. Results:
68Ga-DOTATATE PET/CT and 111In-pentetreotide scans were sig-

nificantly different in impact on treatment (P, 0.001). 68Ga-DOTATATE
PET/CT combined with CT or liver MRI changed care in 28 of

78 (36%) patients. Interobserver agreement between blinded and

nonblinded interpreters was high. No participant had a trial-related

event requiring treatment. Mild, transient events were tachycar-
dia in 1, alanine transaminase elevation in 1, and hyperglycemia in

2 participants. No clinically significant arrhythmias occurred.
68Ga-DOTATATE PET/CT correctly identified 3 patients for peptide-

receptor radiotherapy incorrectly classified by 111In-pentetreotide.
Conclusion: 68Ga-DOTATATE PET/CT was equivalent or superior

to 111In-pentetreotide imaging in all 78 patients. No adverse events

requiring treatment were observed. 68Ga-DOTATATE PET/CT

changed treatment in 36% of participants. Given the lack of
significant toxicity, lower radiation exposure, and improved ac-

curacy compared with 111In-pentetreotide, 68Ga-DOTATATE imaging

should be used instead of 111In-pentetreotide imaging where
available.
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Neuroendocrine tumors (NETs) are usually slow-growing ma-
lignancies, mostly of the respiratory and digestive tracts, that

cause significant morbidity and mortality (1). Although generally

considered rare because of low incidence of 2.5–5/100,000 in the

United States, NETs have a higher prevalence (112,000 cases)

than more aggressive and common malignancies, such as pancre-

atic or gastric adenocarcinoma (2). NETs can be difficult to diagnose

because of protean clinical presentations. Common chronic symp-

toms include cough or diarrhea, whereas others are clinically silent.

The average time from symptom onset to diagnosis can be up to 9 y

(3). Despite its reputation as a relatively benign disease, NETs are

highly metastatic, with most bronchopulmonary and small intestinal

cases presenting with metastatic disease (4). NETs have many treat-

ment options, which differ significantly from adenocarcinomas. Sur-

gery is the primary treatment with the best opportunity for cure and

can also mitigate tumor/hormone load from metastatic burden (5).

Other treatments include systemic therapy with somatostatin ana-

logs, biologics, molecularly targeted therapies, peptide-receptor

radionuclide therapy (PRRT), liver-directed therapy, and platinum-

doublet chemotherapy (6–11).
Given the range of treatments, it is critical to accurately delineate

the extent of disease for proper management. Imaging plays an

essential role in staging by showing local extent and distant

disease. Conventional imaging, such as CT and MRI, provides

critical information but is limited in its field of view and is highly

dependent on protocol choice (12–15). Functional imaging with

radiopharmaceuticals is an important diagnostic tool because most

NETs have high cell surface somatostatin receptor expression lev-

els (16). Using somatostatin analogs conjugated to 111In allows
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whole-body imaging with planar or SPECT, or SPECT/CT (17),
the gold-standard for NET imaging for more than 2 decades
(18,19). However, PET/CT, developed in this interim, has higher
resolution than SPECT. In oncology, 18F-FDG PET/CT is the im-
aging reference for most malignancies. Outside the United States,
PET/CT with somatostatin analogs conjugated to the positron-
emitting radioisotope 68Ga is rapidly replacing 111In-pentetreotide
imaging (20–23).
The purpose of this study was to evaluate toxicity related to

administration of 68Ga-DOTATATE, a somatostatin analog with near-
exclusive and high-affinity binding to somatostatin receptor subtype
2A (24) and to compare the incremental value of 68Ga-DOTATATE
compared with 111In-pentetreotide imaging.

MATERIALS AND METHODS

Patient Population

This study is investigator-initiated with extramural (VA Merit Review

I01BX007080, Society of Nuclear Medicine and Molecular Imaging
Clinical Trials Network, and Vanderbilt Institute for Clinical and Trans-

lational Research grant support [UL1 TR000445 from NCATS/NIH]) and

local philanthropic and institutional support and is a registered U.S.

clinical trial (NCT01396382). Neuroendocrine cancer is a designated
orphan disease, and 68Ga-DOTATATE is a designated orphan drug, by

the U.S. Food and Drug Administration. In this study of 98 68Ga-

DOTATATE PET/CT scans obtained for 97 consecutively enrolled
patients between March 2011 and November 2013, 90 having a proven

diagnosis of NET, prospective analysis of safety and toxicity data and
68Ga-DOTATATE scan findings was performed. Informed consent was

obtained for all subjects, with local institutional review board approval
and oversight (Vanderbilt University Medical Center IRB#110588) and U.

S. Food and Drug Administration investigational new drug approval (IND

111972). The initial 2 patients were scanned with individual compassionate-
use investigational new drugs using identical compounding. Standard-

of-care imaging included 111In-pentetreotide imaging (n5 87), diagnostic

CT (n 5 91), and MRI of the liver (n 5 60). Participants were excluded
from comparison of 68Ga-DOTATATE with 111In-pentetreotide scanning

if no prior 111In-pentetreotide scan was available, no 111In-pentetreotide

scan was available after a major surgical intervention occurring be-

tween 111In-pentetreotide and 68Ga-DOTATATE scans, or if the time
between 111In-pentetreotide and 68Ga-DOTATATE scans exceeded 3 y.

Safety and toxicity were assessed with preinjection and postimaging

vital signs, pulse oximetry on room air, 12-lead electrocardiographs,
and blood laboratory tests, including tumor markers, liver and renal

functions, and blood counts, and direct patient questioning.

Imaging Protocol

Local synthesis of individual doses of 68Ga-DOTATATE was per-
formed as previously described. Radiation exposure to the patient is less

than that from comparable 111In-pentetreotide or 18F-FDG PET/CT scans

(25). No special dietary or activity restrictions were needed because
68Ga-DOTATATE binds almost exclusively to somatostatin receptor
2A, which is not influenced by diet or activity (26). The mass of injected
68Ga-DOTATATE peptide was 50 mg or less. Long-acting somatostatin

analog medications are useful for symptomatic control and for antipro-
liferative therapy of NETs. Thus, patients on long-acting somatostatin

analog medications (n 5 51) did not stop these medications before un-

dergoing 68Ga-DOTATATE PET/CT.
Imaging was performed with an 8-slice Discovery STE PET/CT

full-ring integrated scanner (GE Healthcare), beginning 65 min

(range, 55–93 min) after injection. Immediately after patients emptied
their urinary bladders, low-dose CT was performed from skull vertex

to mid thighs for attenuation correction and anatomic localization.

Emission imaging (3-dimensional mode, 4 min per bed) was then

performed from mid thighs to skull vertex, with attenuation correction

performed with the manufacturer’s workstations and software. Total time

from injection to scan completion was less than 2 h. CT reconstruction

used filtered backprojection, with emission image reconstruction via

ordered-subset expectation maximization iterative reconstruction, 2 itera-

tions, with correction for scatter and randoms as previously reported (25).

Image Analysis

Many of our patients were not from our local area and brought
conventional (CT, MRI) and 111In-pentetreotide imaging results from

outside facilities with them in digital format. All outside images and

original reports were loaded onto the Vanderbilt University Medical

Center’s PACS linked to the Vanderbilt electronic health care records

of each patient.
Because it was neither feasible nor ethical to obtain histologic

confirmation of all sites of apparent metastatic tumor, diagnosis and

impact on care for 68Ga-DOTATATE versus 111In-pentetreotide imag-

ing was analyzed on a per-patient, not a per-lesion, basis. The diag-

nosis and scoring for the extent of disease was determined using a

combination of the preponderance of evidence from conventional im-

aging and pathologic specimens before 68Ga-DOTATATE imaging and

then adding 68Ga-DOTATATE scan results to the full clinical assess-

ment of the patient using all available prior imaging and clinical in-

formation, to determine whether the addition of the 68Ga-DOTATATE

scan changed the treatment plan. Evidence for tumor was scored on

the basis of original reports from conventional imaging as well as

abnormal, especially focal, areas of uptake on 111In-pentetreotide or
68Ga-DOTATATE imaging. Scan results from the 3 independent 68Ga-

DOTATATE interpreters were entered into a spreadsheet, along with

the original reports on conventional and 111In-pentetreotide imaging,

and then analyzed for the presence or absence of tumor, tumor im-

proved, and stable or progressive disease compared with earlier scans,

and whether, and how, the results of the 68Ga-DOTATATE PET/CT scan

changed patient management compared with either 111In-pentetreotide

alone or in combination with CT or MRI. Changes in management

decision were determined and recorded via consensus of a weekly

multidisciplinary NET board reviewing relevant imaging and clinical

information. Contingency tables were generated with sensitivity and

specificity, with confidence intervals estimated by exact binomial

method. Differences in diagnostic test results were measured by

McNemar x2 test and by comparison of receiver-operator curves for

differences of diagnostic test accuracy.

Original clinical reports of 111In-pentetreotide, CT, and MRI exam-
inations were used for analysis of these examinations even if, in

retrospect, additional sites of tumor were seen after comparison to
68Ga-DOTATATE images. 68Ga-DOTATATE imaging was interpreted

via 2 methods. First, a physician board-certified in diagnostic radiol-

ogy and nuclear medicine interpreted the 68Ga-DOTATATE PET/CT,

with full access to all prior imaging and clinical information. To avoid bias

and to access interobserver reproducibility, 2 board-certified nuclear med-

icine physicians independently interpreted the 68Ga-DOTATATE scans,

blinded to all information, including other imaging, beyond knowing that

the patient met enrollment criteria. The 2 blinded interpretations were

recorded on a regional basis (solid organ, regional nodal, regional extra-

nodal abdominal and pelvic involvement, extraabdominal/pelvic nodal or

soft-tissue, and skeletal disease) sufficient to stage the patient’s extent of

disease relative to presence of tumor, resectability/extent of tumor, and

intensity/presence of somatostatin receptor expression. Reviewer agree-

ment was assessed by Fleiss k and confidence interval estimated using

the bootstrap method. The 3 physicians involved with 68Ga-DOTATATE

scan interpretation each have 30 or more y of experience in medical

imaging and 10 or more y of experience in PET/CT interpretation.
Separately, a board-certified oncologic surgeon assessed the impact

on care by comparing the intended treatment before and after the
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68Ga-DOTATATE scan, on a per-patient basis. The initial treatment

plan was formulated using all available clinical, pathologic, and im-
aging information, including 111In-pentetreotide scans. This treatment

plan was then reviewed after adding the information from the 68Ga-
DOTATATE scan. Minor impact in treatment was characterized by a

change within a treatment modality (intermodality), such as change in
plan for already planned surgery or dosage adjustment of current

medications. Major impact on treatment was characterized by a
change of treatment modality (intramodality). Controversial cases,

especially for major changes in management, were referred to the
previously mentioned multidisciplinary NET tumor board. The addi-

tion of PRRT where previously not indicated, adding or discontinuing
medications, or cancellation of surgery because of evidence of greater

extent of disease on the 68Ga-DOTATATE scan are examples of major,
intramodality treatment changes.

Data Analysis

Toxicity data were compiled, and individual patient test results

before and after scanning were compared. Blood laboratory test values

included some fasting and nonfasting results as fasting status was not

recorded. The cohorts’ pre- and postscan test mean, median, standard

errors, and interquartile ranges are reported in Supplemental Appendix

1 (supplemental materials are available at http://jnm.snmjournals.org).

Statistically significant differences in test values were assessed by
paired t test and the nonparametric Wilcoxon rank-sum test. All tests

were 2-sided and performed using Stata (StataCorp.). Harm was mea-
sured by the Common Toxicity Criteria (version 1) of the National

Cancer Institute (http://www.accessdata.fda.gov/scripts/cder/onctools/
toxcrit1.cfm), with blood laboratory test values within the reference range

having a harm level of 0. All participants were included for toxicity
measurement.

RESULTS

Toxicity/Safety

No serious adverse events occurred among the 97 participants.
Additional comorbidities influencing abnormal baseline, preinjec-
tion electrocardiograms included various conduction defects, 1
patient with electrocardiogram evidence of a prior anteroseptal
infarction with a left anterior fascicular block, 2 patients with
T-wave inversions, 2 patients with nonspecific ST-Twave changes,
2 patients with first degree AV block, 2 patients with p-wave
abnormities, 1 patient with a ventricular paced rhythm, and 1 patient
with a prior cardiac transplant. No serious arrhythmias, changes in

TABLE 1
Participant Demographics of Patients with Comparable Scans

Characteristic
All patients

enrolled (n 5 97)

111In-pentetreotide and
68Ga-DOTATATE scans (n 5 78)

Sex, female (%) 56 (58) 49 (63)

Mean age ± SD (y) 53.7 ± 11 53.4 ± 11

NET type (%)

Midgut carcinoid 44 (45) 37 (47)

Gastroenteropancreatic 22 (23) 18 (23)

Unknown primary 12 (12) 7 (9)

Symptoms only 7 (7) 7 (9)

Pulmonary 7 (7) 5 (6)

Hindgut or rectal 3 (3) 3 (4)

Other 2 (2) 1 (1)

111In-pentetreotide scan type

Planar 5 3

Planar 1 SPECT 30 26

Planar 1 SPECT/CT 50 48

Outside scan, type not
specified

12 1

Days between 111In-pentetreotide

and 68Ga-DOTATATE scans

0–90 16 16

91–180 26 23

.180 d 56 39

Ki-67 category

Low 24 19

Intermediate 37 29

High 6 4

Missing 30 26

Data in parentheses are percentages.
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Q-T interval, or other significant changes from baseline were
observed.
Minor adverse events occurred in 3 patients. One had minor

itching the day after the 68Ga-DOTATATE injection at the injec-
tion site, spontaneously resolving. One patient had an unexplained
drop in postscan oxygen saturation on room air (before injection,
98%; after scanning, 90%), spontaneously resolving. One patient
with a baseline heart rate of 87 had postscan tachycardia of 112,
asymptomatic, spontaneously returning to less than 100 beats
per minute within an hour. Other patients had minor and transient
changes in laboratory tests, all asymptomatic. Elevated glucose
was observed in 2 patients (both on long-acting somatostatin an-
alog medication, known to cause glucose intolerance in up to 25%
of patients; 1 of these 2 patients is a diabetic). Postscan fasting
glucose plasma levels could not be consistently obtained after the
participants returned home, so these 2 elevated values may not
have been fasting. Changes in plasma levels of some blood
markers were not available in 28 individuals who did not present
to the laboratory. The patient with elevation in liver function tests
had known extensive liver metastases, with improvement after
PRRT.

Evaluation of 68Ga-DOTATATE Imaging and Safety

Most participants, 56 (58%), were female. Midgut NETwas the
most common tumor type (44, 56%) (Table 1). Ten of the 97
patients did not undergo a comparative 111In-pentetreotide scan
and were excluded from scan comparison. Another 5 patients were
excluded when 111In-pentetreotide imaging was performed before
resection of some or all known tumor with 68Ga-DOTATATE im-
aging performed after surgery. Another 4 patients were excluded
because the time interval between 68Ga-DOTATATE and 111In-
pentetreotide imaging exceeded 3 y. Thus, 78 participants were in-
cluded for comparison of 68Ga-DOTATATE and 111In-pentetreotide
imaging. Mean 68Ga-DOTATATE activity was 196 MBq (5.3 mCi)
(95% CI, 178–215 MBq [4.8–5.8 mCi]). Median time between
scans was 176 d, with an interquartile range of 105–354 d. Of
the 78 participants with comparable scans, 50 had evidence of
primary or metastatic disease, and 28 had no disease or stable
disease.
Assessment of Test Accuracy. 68Ga-DOTATATE and 111In-

pentetreotide scans had equivalent results in 61 of 78 (78%) patients
(Fig. 1). One individual was false-positive by both scans, con-
firmed by biopsy, and 1 was false-negative by both methods, with
tumor confirmed by other imaging. Among the 17 participants
with scan disagreement, 111In-pentetreotide was false-positive in
2 and 68Ga-DOTATATE was false-positive in 1. The sensitivity
of 68Ga-DOTATATE imaging (96%; 95% CI, 86%–100%) was
higher than that of 111In-pentetreotide imaging by all methods
(72%; 95% CI, 58%–84%) and was also higher (97%; 95% CI,
82%–100%) in the subgroup of patients with 111In-pentetreotide
SPECT/CT scans (83%; 95% CI, 64%–94%). 111In-pentetreotide
SPECT/CT was more sensitive than planar only or planar plus
SPECT imaging of 111In-pentetreotide. Specificity was the same
for 68Ga-DOTATATE and 111In-pentetreotide (93%; 95% CI:
77%–99%) among all 111In-pentetreotide scan types and also for
the SPECT/CT subgroup. Overall accuracy for 68Ga-DOTATATE
(0.94; 95% CI, 0.89–1.00) was significantly higher (P 5 0.02)
than for 111In-pentetreotide (0.82; 95% CI: 0.74–0.90) (Table 2).
68Ga-DOTATATE and 111In-pentetreotide imaging did not convey
the same diagnostic result (McNemar x2 P 5 0.01) in this pop-
ulation of mixed NET.

Assessment of 68Ga-DOTATATE Interobserver Variability

Bias-corrected Fleiss k was 0.82 (95% CI, 0.74–0.89) between
the 3 reviewers in their interpretation of the 97 68Ga-DOTATATE
scans. This high level of agreement was similar between various
combinations of blinded versus nonblinded clinical interpreters
(Supplemental Table 1), demonstrating a high level of reproduc-
ibility in 68Ga-DOTATATE scan interpretations.

Assessment of Impact on Patient Care

The addition of the 68Ga-DOTATATE imaging resulted in no
impact on treatment plans in 50 of 78 (64%), a minor (within
modality) change in 9 of 78 (12%), and a major change in treat-
ment modality in 19 of 78 (24%) patients. Of the 19 patients with
a major change due to 68Ga-DOTATATE imaging, 8 had surgery
cancelled or a radical change in type of surgery, and 12 patients
were referred for PRRT (Fig. 2). Among 48 patients with treat-
ment changes with 111In-pentetreotide SPECT/CT scans, 68Ga-
DOTATATE imaging led to major changes in 11 of 78 (14%).
Furthermore, time between 68Ga-DOTATATE and 111In-pentetreotide
imaging was broken into 3 categories, 0–90 d, 91–180 d, and more
than 180 d (Table 3). Changes in treatment plans were similar be-
tween the 3 time categories, with the highest proportion of scans
having an impact on treatment in the 0–90 d category (44%) and least
in the 91–180 d category (30%), though the differences were not
significant.

68Ga-DOTATATE and 111In-pentetreotide scans were concurrently
false-negative in 1 patient with tumor found on CT and MRI, but
the 2 scans yielded useful information by demonstrating that the
patient was not likely to benefit from PRRT. 68Ga-DOTATATE
imaging demonstrated that 12 of 78 (15%) patients were nonsurgi-
cal candidates, with strong uptake to support PRRT, of which 3 of

FIGURE 1. Standards for reporting diagnostic accuracy (STARD)

flow diagram of 68Ga-DOTATATE and 111In-pentetreotide results.
68Ga-DOTATATE 5 68Ga-DOTATATE PET/CT scan; 111In-pentetreotide 5
111In-pentetreotide scans of all types (planar, SPECT, or SPECT/CT).

*Bowel 5 small or large bowel; Gastric 5 gastric, duodenal, or pan-

creatic primary tumors. CUP 5 metastatic carcinoma with unknown

primary.
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12 (25%) were misclassified by 111In-pentetreotide as not candi-
dates for PRRT (Fig. 3).

DISCUSSION

68Ga-DOTATATE PET/CT imaging has been in widespread
clinical use outside the United States for nearly a decade, largely
replacing 111In-pentetreotide imaging where available. Space con-

straints in this report preclude full discussion, but an excellent
systematic review and meta-analysis of 68Ga-DOTATATE and
similar somatostatin PET imaging analogs by Geijer and Breimer
(27) demonstrated pooled sensitivity and specificity for these im-
aging agents of 0.93 (95% CI, 0.91–0.94) and 0.96 (95% CI, 0.95–
0.98), respectively, with the area under the summary receiver-
operating-characteristic curve of 0.976. 68Ga-DOTATATE PET/CT–
specific information can be found in their citations, and also in

Hofman et al. (23) and Srirajaskanthan
et al. (28), who provide direct comparison
to 111In-pentetreotide imaging. Recently Has
Simsek et al. (29) and Lococo et al. (30)
reported the complementary roles of 68Ga-
DOTATATE and 18F-FDG PET/CT.

68Ga-DOTATATE PET/CT is a more sen-
sitive functional test than 111In-pentetreotide
imaging in our 78 patients with NETs and
comparative scans, with 1 false-positive scan
resulting in a biopsy. 68Ga-DOTATATEPET/CT
was superior to 111In-pentetreotide imaging
in a 48-patient subset with 111In-pentetreotide
SPECT/CT scans.
In 12 patients found by 68Ga-DOTATATE

to have sufficient somatostatin receptor expres-
sion to support PRRT, 3 were misclassified by
111In-pentetreotide and would have been de-
nied PRRT, a treatment currently under study
for benefit. We found that correct clinical man-
agement could be made in all patients with
imaging limited to 68Ga-DOTATATE plus di-
agnostic CT or contrast-enhanced liver MRI,
excluding the 1 false-positive examination
from splenosis. No patient management de-
cisions would have been adversely affected
by excluding the 111In-pentetreotide scan,

TABLE 2
Contingency Tables Comparing 68Ga-DOTATATE PET/CT and 111In-Pentetreotide Imaging for All Patients (n 5 78)

111In-pentetreotide

Scan type

Cancer or

progression,

all types

Cancer or

progression,

SPECT/CT

Benign,

all types

Benign,

SPECT/CT

Sensitivity

(95% CI)

Specificity

(95% CI)

PPV

(95% CI)

NPV

(95% CI)

68Ga-DOTATATE

PET/CT

Cancer 48 28 2 1

Benign 2 1 26 18

111In-pentetreotide

Cancer 36 24 2 1

Benign 14 5 26 18

68Ga-DOTATATE
PET/CT

96% (86–100) 93% (77–99) 96% (86–100) 93% (77–99)

111In-pentetreotide,

all types

72% (58–75) 93% (77–99) 95% (82–99) 65% (48–94)

Diagnosis based on single or multiple CT or MRI scans, surgical tissue confirmation, or combination thereof. Prevalence 5 64%
(95% CI, 52–75).

PPV 5 positive predictive value; NPV 5 negative predictive value.

FIGURE 2. Axial gadoxetate disodium (Eovist; Bayer) MRI (A) and intravenous contrast-enhanced

CT (B) images reveal some of the widespread metastatic disease in liver. Anterior planar
111In-pentetreotide scan (C) and SPECT/CT (not shown) demonstrate uptake only in primary ileal

tumor in abdominal right lower quadrant. On the basis of these findings, the patient would not be

a candidate for PRRT treatment. 68Ga-DOTATATE PET/CT (only 3-dimensional anterior maximum-

intensity projection shown in D) demonstrates intense uptake in primary tumor, a locoregional node,

and liver metastases, showing that patient has sufficient somatostatin receptor expression to qualify

for PRRT, among other treatments. Arrow indicates normal pituitary uptake (P).
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whereas 28 of 78 (36%) patients would have been adversely af-
fected if the 68Ga-DOTATATE scan had not been obtained.
The 111In-pentetreotide scans were not of uniform quality,

reflecting the range of protocols and equipment in the U.S. health
care system. Some were performed with planar imaging only,
some with planar and SPECT imaging, and some with planar
and SPECT/CT. The planar with SPECT/CT imaging group pro-
vided the best comparison to 68Ga-DOTATATE PET/CT. Accord-
ingly, we performed a subanalysis comparing these 2 imaging
modalities (Table 3). The results of this subanalysis showed that
the accuracy of 111In-pentetreotide SPECT/CT was higher than
that of planar or planar with SPECT but was not as accurate as
68Ga-DOTATATE PET/CT, with much of this difference driven by
the number of malignant lesions missed by 111In-pentetreotide,
seen by 68Ga-DOTATATE, especially in lymph nodes, intrame-
dullary skeletal metastases, and distant (extraabdominal) me-
tastases. This difference in test accuracy is also reflected in the
19 patients who had major changes in their treatment plans because
of additional metastatic disease detected with 68Ga-DOTATATE
PET/CT.

One intense focus of 68Ga-DOTATATE was in the head of the
pancreas, a known area of frequent intense, focal uptake of 68Ga-

DOTATATE that can also be seen with 111In-pentetreotide (23).
Because we knew of this frequent finding, no adverse impact on

care resulted, with absence of tumor confirmed by CT. The single
known false-positive result was due to splenosis and inflammation,

confirmed at surgery, though surgery was already planned.
Interobserver reliability between the nonblinded, fully informed

68Ga-DOTATATE interpreter and the 2, independent, blinded in-
terpreters demonstrated the high degree of reproducibility of inter-

pretation in this trial by experienced interpreters on a per-patient
basis. The k statistic of 0.82 represents superior to near-perfect agree-

ment between the 3 interpreters.
This study has some limitations. As it is neither feasible nor eth-

ical to obtain histologic confirmation of all sites of apparent tumor,

the impact on care for 68Ga-DOTATATE versus 111In-pentetreotide

imaging was analyzed on a per-patient, not a per-lesion, basis. The
68Ga-DOTATATE scan was added to the full clinical assessment of

the patient performed before the 68Ga-DOTATATE scan, using all
prior imaging and clinical information, to determine whether the

addition of the 68Ga-DOTATATE scan changed
the treatment plan, similar to other reports

(23,28,31). The sensitivity and specificity of
both 111In-pentetreotide and 68Ga-DOTATATE

in our trial may not reflect the true accuracy
of either test because of an imperfect gold

standard bias arising from using per-patient

rather than per-lesion analysis. To minimize
the bias from this imperfect gold standard,

we focused on comparing clinical manage-
ment impact rather than the possibly imper-

fect final diagnosis (32).
Importantly, this is the first report, to our

knowledge, with quantitative toxicity data

for 68Ga-DOTATATE, with prior reporting

typically limited to general observation due
to differences in regulatory requirements for

investigators outside the United States for drug
mass microdose quantities (33). Although acute

toxicity data were available in all 97 patients,
our study is limited by some random post-

scan organ function or hematologic toxicity

TABLE 3
Impact of 68Ga-DOTATATE Scan on Clinical Care Compared with Days Between Comparison Scans

Interval between 111In-pentetreotide and 68Ga-DOTATATE scans

0–30 d 0–90 d 91–180 d .180 d Interval between CT or MRI

and 68Ga-DOTATATE scans
111In-pentetreotide,

treatment impact

All

types

Planar 1
SPECT/CT

All

types

Planar 1
SPECT/CT

All

types

Planar 1
SPECT/CT

All

types

Planar 1
SPECT/CT 0–30 d 0–90 d 91–180 d . 180 d

None 1 1 9 4 16 13 25 14 22 33 7 10

Minor 2 2 3 2 3 2 3 2 3 6 3 0

Major 0 0 4 3 4 2 11 6 5 9 4 6

All 111In-pentetretotide scan types, n5 78, and 111In-pentetretotide with SPECT/CT, n5 48. There was no significant impact on care by
time interval between scans.

FIGURE 3. True-positive 68Ga-DOTATATE PET/CT with false-negative 111In-pentetreotide

SPECT/CT. Anterior planar (A) image from 111In-pentetreotide SPECT/CT scan was negative

for residual tumor. Anterior 3-dimensional maximum-intensity-projection view (B) and fused

PET/CT (D) with skeletal metastatic foci prospectively missed on contrast-enhanced CT (C),

verified with MRI (selected short-τ inversion recovery image, (E)). Patient was referred for PRRT,

which would have been denied based on false-negative 111In-pentetreotide scan. Arrow indicates

normal pituitary uptake (P).
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data missing in 28 patients. Many patients traveled great distances
to us, limiting our access to follow-up laboratory tests, especially in
a timely manner. However, in the data we have for all 97 patients,
we observed no toxicity that was symptomatic or otherwise requir-
ing treatment.
Another limitation of our study is that not all patients had

identical imaging protocols for CT, MRI, or 111In-pentetreotide
scanning. Not all had both CT and MRI examinations, and the
quality of the outside studies reflected the range in image quality
throughout the United States. Also, because not all of our patients
had health care insurance, not all could afford the requested follow-
up laboratory tests.

CONCLUSION

68Ga-DOTATATE PET/CT changed management in 37% of
patients. 111In-pentetreotide did not add value compared with 68Ga-
DOTATATE in any patient. When diagnostic imaging is limited to
whole-body 68Ga-DOTATATE plus diagnostic CT or liver MRI, cor-
rect staging and treatment decisions would have been reached in all
patients. Our results clearly demonstrate that 68Ga-DOTATATE PET/
CT is equivalent or superior to 111In-pentetreotide imaging for the
diagnosis and staging of lung and gastroenteropancreatic NETs.
Given the superior performance for tumor detection (McNemar x2,
P 5 0.01), lower radiation dosimetry (25), and 2-h completion time
compared with 2 d for 111In-pentetreotide imaging, our results con-
clusively demonstrate that 68Ga-DOTATATE PET/CT imaging is safe
and should replace 111In-pentetreotide imaging, where available.

DISCLOSURE

The costs of publication of this article were defrayed in part by the
payment of page charges. Therefore, and solely to indicate this fact,
this article is hereby marked “advertisement” in accordance with 18
USC section 1734. Support for this study was provided by the U.S.
Department of Veterans Affairs Merit Review, I01BX007080; the
Society of Nuclear Medicine and Molecular Imaging Clinical Trials
Network; Vanderbilt Institute for Clinical and Translational Research
grant support (UL1 TR000445 from NCATS/NIH); and local insti-
tutional and philanthropic support. 68Ga-DOTATATE is not U.S.
Food and Drug Administration–approved for human use outside a
properly conducted clinical trial. No other potential conflict of in-
terest relevant to this article was reported.

REFERENCES

1. Modlin IM, Oberg K, Chung DC, et al. Gastroenteropancreatic neuroendocrine

tumours. Lancet Oncol. 2008;9:61–72.

2. Modlin IM, Lye KD, Kidd M. A 5-decade analysis of 13,715 carcinoid tumors.

Cancer. 2003;97:934–959.

3. Vinik A, Moattari AR. Use of somatostatin analog in management of carcinoid

syndrome. Dig Dis Sci. 1989;34:14S–27S.

4. Oberndorfer S, ed. Karzinoide Handbuch der Speziellen. Berlin, Germany:

Verlag von Julius Springer; 1928.

5. Boudreaux JP, Putty B, Frey DJ, et al. Surgical treatment of advanced-stage

carcinoid tumors: lessons learned. Ann Surg. 2005;241:839-845.

6. Rinke A, Muller HH, Schade-Brittinger C, et al. Placebo-controlled, double-blind,

prospective, randomized study on the effect of octreotide LAR in the control of

tumor growth in patients with metastatic neuroendocrine midgut tumors: a report

from the PROMID Study Group. J Clin Oncol. 2009;27:4656–4663.

7. Caplin ME, Pavel M, Cwikla JB, et al. Lanreotide in metastatic enteropancreatic

neuroendocrine tumors. N Engl J Med. 2014;371:224–233.

8. Kwekkeboom DJ, de Herder WW, Kam BL, et al. Treatment with the radiola-

beled somatostatin analog [177 Lu-DOTA 0,Tyr3]octreotate: toxicity, efficacy,

and survival. J Clin Oncol. 2008;26:2124–2130.

9. Yao JC, Shah MH, Ito T, et al. Everolimus for advanced pancreatic neuroendo-

crine tumors. N Engl J Med. 2011;364:514–523.

10. Kennedy AS, Dezarn WA, McNeillie P, et al. Radioembolization for unresectable

neuroendocrine hepatic metastases using resin 90Y-microspheres: early results in

148 patients. Am J Clin Oncol. 2008;31:271–279.

11. Welin S, Sorbye H, Sebjornsen S, Knappskog S, Busch C, Oberg K. Clinical effect

of temozolomide-based chemotherapy in poorly differentiated endocrine carcinoma

after progression on first-line chemotherapy. Cancer. 2011;117:4617–4622.

12. Chiti A, Fanti S, Savelli G, et al. Comparison of somatostatin receptor imaging,

computed tomography and ultrasound in the clinical management of neuroen-

docrine gastro-entero-pancreatic tumours. Eur J Nucl Med. 1998;25:1396–1403.

13. Dromain C, de Baere T, Lumbroso J, et al. Detection of liver metastases from endocrine

tumors: a prospective comparison of somatostatin receptor scintigraphy, computed

tomography, and magnetic resonance imaging. J Clin Oncol. 2005;23:70–78.

14. Kumbasar B, Kamel IR, Tekes A, Eng J, Fishman EK, Wahl RL. Imaging of

neuroendocrine tumors: accuracy of helical CT versus SRS. Abdom Imaging.

2004;29:696–702.

15. Sundin A, Vullierme MP, Kaltsas G, Plockinger U. ENETS consensus guidelines

for the standards of care in neuroendocrine tumors: radiological examinations.

Neuroendocrinology. 2009;90:167–183.

16. Kwekkeboom DJ, Krenning EP, Lebtahi R, et al. ENETS consensus guidelines for

the standards of care in neuroendocrine tumors: peptide receptor radionuclide ther-

apy with radiolabeled somatostatin analogs. Neuroendocrinology. 2009;90:220–226.

17. Balon HR, Goldsmith SJ, Siegel BA, et al. Procedure guideline for somatostatin

receptor scintigraphy with 111In-pentetreotide. J Nucl Med. 2001;42:1134–1138.

18. Krenning EP, Kwekkeboom DJ, Bakker WH, et al. Somatostatin receptor scintigraphy

with [111In-DTPA-D-Phe1]- and [123I-Tyr3]-octreotide: the Rotterdam experience with

more than 1000 patients. Eur J Nucl Med. 1993;20:716–731.

19. Kälkner KM, Janson ET, Nilsson S, Carlsson S, Oberg K, Westlin JE. Somatostatin

receptor scintigraphy in patients with carcinoid tumors: comparison between radio-

ligand uptake and tumor markers. Cancer Res. 1995;55:5801s–5804s.

20. Gabriel M, Decristoforo C, Kendler D, et al. 68Ga-DOTA-Tyr3-octreotide PET in

neuroendocrine tumors: comparison with somatostatin receptor scintigraphy and

CT. J Nucl Med. 2007;48:508–518.

21. Giesel FL, Kratochwil C, Mehndiratta A, et al. Comparison of neuroendocrine tumor

detection and characterization using DOTATOC-PET in correlation with contrast

enhanced CTand delayed contrast enhanced MRI. Eur J Radiol. 2012;81:2820–2825.

22. Hanin FX, Pauwels S, Bol A, Breeman W, de Jong M, Jamar F. Tumor uptake of
68Ga-DOTA-Tyr3-octreotate: animal PET studies of tumor flow and acute so-

matostatin receptor modulation in the CA20948 rat model. Nucl Med Biol.

2010;37:157–165.

23. Hofman MS, Kong G, Neels OC, Eu P, Hong E, Hicks RJ. High management impact

of Ga-68 DOTATATE (GaTate) PET/CT for imaging neuroendocrine and other

somatostatin expressing tumours. J Med Imaging Radiat Oncol. 2012;56:40–47.

24. Reubi JC, Schar JC, Waser B, et al. Affinity profiles for human somatostatin

receptor subtypes SST1-SST5 of somatostatin radiotracers selected for scinti-

graphic and radiotherapeutic use. Eur J Nucl Med. 2000;27:273–282.

25. Walker RC, Smith GT, Liu E, Moore B, Clanton J, Stabin M. Measured human

dosimetry of 68Ga-DOTATATE. J Nucl Med. 2013;54:855–860.

26. de Herder WW, Hofland LJ, van der Lely AJ, Lamberts SW. Somatostatin re-

ceptors in gastroentero-pancreatic neuroendocrine tumours. Endocr Relat Can-

cer. 2003;10:451–458.

27. Geijer H, Breimer LH. Somatostatin receptor PET/CT in neuroendocrine tu-

mours: update on systematic review and meta-analysis. Eur J Nucl Med Mol

Imaging. 2013;40:1770–1780.

28. Srirajaskanthan R, Kayani I, Quigley AM, Soh J, Caplin ME, Bomanji J. The

role of 68Ga-DOTATATE PET in patients with neuroendocrine tumors and neg-

ative or equivocal findings on 111In-DTPA-octreotide scintigraphy. J Nucl Med.

2010;51:875–882.

29. Has Simsek D, Kuyumcu S, Turkmen C, et al. Can complementary 68Ga-DOTATATE

and 18F-FDG PET/CT establish the missing link between histopathology and ther-

apeutic approach in gastroenteropancreatic neuroendocrine tumors? J Nucl Med.

2014;55:1811–1817.

30. Lococo F, Perotti G, Cardillo G, et al. Multicenter comparison of 18F-FDG and
68Ga-DOTA-peptide PET/CT for pulmonary carcinoid. Clin Nucl Med. 2015;40:

e183–e189.

31. Herrmann K, Czernin J, Wolin EM, et al. Impact of 68Ga-DOTATATE PET/CT

on the management of neuroendocrine tumors: the referring physician’s perspec-

tive. J Nucl Med. 2015;56:70–75.

32. Zhou X-H, Obuchowski NA, McClish D. Statistical Methods in Diagnostic

Medicine. Hoboken, NJ: Wiley-Interscience; 2002.

33. Schwarz SW, Oyama R. The role of exploratory investigational new drugs for

translating radiopharmaceuticals into first-in-human studies. J Nucl Med. 2015;56:

497–500.

714 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 57 • No. 5 • May 2016

by SNM headquarters on May 5, 2016. For personal use only. jnm.snmjournals.org Downloaded from 

http://jnm.snmjournals.org/


Doi: 10.2967/jnumed.115.163865
Published online: January 14, 2016.

2016;57:708-714.J Nucl Med. 
  
Ronald C. Walker

andLakhani, Richard P. Baum, Jordan Berlin, Gary T. Smith, Michael Graham, Martin P. Sandler, Dominique Delbeke 
Stephen A. Deppen, Eric Liu, Jeffrey D. Blume, Jeffrey Clanton, Chanjuan Shi, Laurie B. Jones-Jackson, Vipul
  
Treatment Management of Neuroendocrine Tumors

Ga-DOTATATE PET/CT for Diagnosis, Staging, and68Safety and Efficacy of 

 http://jnm.snmjournals.org/content/57/5/708
This article and updated information are available at: 

  
 http://jnm.snmjournals.org/site/subscriptions/online.xhtml

Information about subscriptions to JNM can be found at: 
  

 http://jnm.snmjournals.org/site/misc/permission.xhtml
Information about reproducing figures, tables, or other portions of this article can be found online at: 

(Print ISSN: 0161-5505, Online ISSN: 2159-662X)
1850 Samuel Morse Drive, Reston, VA 20190.
SNMMI | Society of Nuclear Medicine and Molecular Imaging

 is published monthly.The Journal of Nuclear Medicine

© Copyright 2016 SNMMI; all rights reserved.

by SNM headquarters on May 5, 2016. For personal use only. jnm.snmjournals.org Downloaded from 

http://jnm.snmjournals.org/content/57/5/708
http://jnm.snmjournals.org/site/misc/permission.xhtml
http://jnm.snmjournals.org/site/subscriptions/online.xhtml
http://jnm.snmjournals.org/

